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Society of Automotive Engineers, Inc. 	 R EP O RT 

Rev sed 

June 1973 

TWO PENN9vLVANIA VLAZA, NEW YOXK. N.V. 10007 	 . 

SELECTING SLIPPER SEALS FOR HYDRAULIC-PNEUMATIC FLUID POWER APPLICATIONS 

1. PURPOSE 

The purpose of this report is to provide the deaign and maintenance engineer with basic information on 
the use of SLI PPEft SEAL sealing devices as piston (O. D. ) and rod (I. D. ) aeals in aircra.ft fluid power 
components such as actuators, valves and swivel glands. 

2. SCOPE 

The SLIPPER SEAL is defined and the basic typea in current use are deacribed. Guide lines for sel~ 
ing the type of Slipper Seal for a given design requirement are covered in terms of friction, leaka.ge , 
service life, installation characteristics and interchangeability. 

3. REFERENCES 

MIL-G-5514 Revision F 

MIL-P-5514 Revisions A 
through E 

MIL-R-8791C 

AS 568 

MS28774 

MS28782 

MS28763 

9RP 1233 Proposed 

4. INTRODUCTION 

Gland Design; Packings, Hydraulic, General Requirements For 

Packings; Installation and Gland Design, Hydraulic, General 
Requirements For 

Retainer, Packing, Hydraulic, and Pneumatic, Tetrafluoro- 
ethylene Resin 

Uniform Dash Nuxnbering Syatem For O-Rings 

Retainer, Packing Ba.ckup, Single Turn Tetra.fluoroethylene 

Retainer, Packing, Backup, Teflon 

fting, Gasket, Ba.ck-up, Teflon 

Gland Design, Elastomeric O-Ring Seals Dynamic Radial 

4.1 What is a Slipper Seal? It is a separate circumferential band of TFE fitted to either the inside 
diameter (I. D. ), outside di.a.meter (O. D. ) or face of a rubber O-Ring or other ahape of so-called 
"squeeze type" molded packing. The cross section of the Slipper Seal configuration can be a variety 
of symmetrical or asymmetrical shapes (See Figure ~. 

FIGURE I. TYPICAL SLIPPER SEALS 

The combination of a Slipper Seal and molded packing, when fitted in a gland, act together to prevent 
fluid leakage. When used in a atatic application, the Slipper Seal prevents extrusion of the elastomer. 
When used in a dynamic application the Slipper Seal reduces breakout and running friction and pro- 
tects the elastomer from extrusion and wear. 

Copyright 1973 by Society of Automotive Enpineers, Inc. 	 Printed in U.S.A. 
A11 rights reserved. ~ 
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The Slipper Seal concept became practical with the availability of Polytetrafluoroethylene (TFE) resins. 
The first TFE Slipper Seals were probably used successfully around 1950. Polytetrafluoroethylene "is a 
chemically inert, temperature resistant (useful mechanical range 450 F to 500 F) low friction, thermo- 
pla.stic fluorocarbon plastic compatible with all industrial and military fuels and hydra.ulic fluids in com- 
mercial use. 

Although TFE is not ela.stic in the same sense as rubber material, it is deformable for good sealing and ' 
can be stretched and folded for ease in installation. Because TFE is a plastic, sealing surfaces must be 
protected from scratches and nicks during handling and installation. Installa.tion tools for both O. D. and 
I. D. Slipper Seals can be used to advantage where one-piece gla.nds are involved, but are not always neces- 
sary (see para.graph 9). 	 , 

Most Slipper Seal commercial standa.rds are designed for use with AS 568 O-Ring sizes in glands per 
MIL-P-5514. Other types of commercial standards are also available. No MS standards have been issued 
for Slipper Seals. 

4.2 How does the Sliuper Seal Work? The performance characteristics of the.0-Ring as a dynamic or static 
seal is assumed to be familiar to the reader. An O-Ring used in a dynamic application is exposed to ex- 
trusion, spira,l failure and wear and will have a relatively short life compared to an O-Ring used as a static 
seal in an otherwise equal environment. 

When O-Rings are used with ba.ck-up rings such as MS28774, the O-Ring is protected against extrusion but 
is still vulnerable to the effects of friction which causes spiral failure and wear. An O-Ring used with a 
Slipper Seal in a dynamic environment, becomes a static seal, and is protected from the effects of friction 
as well as extrusion. 

By definition a Slipper Seal is not a complete seal until it is used in combination with squeeze-type ela,sto- 
meric packing seal such as an O-Ring. Figure II showa the simplest of all Slipper Seal constructions. 

n 

~-- 
P 	p 

3? (SEE+~) 

P, ~ 	f P 

6a T-y p 

vm+ ~ ~i) 
	

vnW • (t) 
	

v=w e (a) 

L~so 0 P 
	 ~ap 	e~►  s P 

FIGURE II. 

For purposes of illustration, assume that Pg is less than P l . There are three possible leak paths. One i$ 
between the Slipper Seal and the cylinder walt~ another is between the Slipper Seal and the O-Ring and the 
third is between the O-Ring and the bottom of the groove. The rate of lea.kage is a function of the fluid 
preasure, fluid viacosity and the quality of surface conditions at each leakage path. 
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If the quality of the surface conditions at each leaka.ge  path is sub-standa.rd - that is, rough, nicked, 
scratched or contaminated with foreign particles - minute orifices exist that permit leakage. Assuming 
constant viscosity, leakage through an orifice is proportional to ~ P across the orifice. If the surfaces of 
potential leakage paths, such as are present in a typical Slipper Seal construction, could be matched per- 
fectly, leakage would be zero regardless of the presaure, since no passage would exist. There are, of 
course, practical limits to the achievement of this ideal sealing condition. It ca.n be approached very 
closely, however, by selecting seal materials that are deformable under stress, such as rubber and TFE. 
Although TFE is deformable under compressive load, it is a higher compressive modulus material than 
rubber and is therefore less forgiving of surface imperfections or contamination. This is particularly true 
at low fluid pressure when deformation due to compressive stress is low. 

When imperfection on the TFE aurface causes greater than allowa.ble leakage, a brief running-in or appli- 
cation of high pressure will often result in improved surface to surface conformity and therefore better 
leakage control. 

Fillers added to TFE improve wear resistance and further decrease deformation under 16ad. This can have 
an adverse effect on leakage control if not accommodated in design concept, detail and workmanship. 

For consistent sealing performance, a Slipper Seal must have an interference fit on the bore or rod. A 
good rule of thuxnb for the minimum interference is . 001 of an inch per in. of diameter or . 002, whichever 
ia greater. Greater diametral interference ia often used effectively. Consult your Slipper Seal supplier fc 
specific recommenda,tions. 	 ' 

4. 3 Why are Slipper Seals Used? Slipper Seals are specified in hydra.ulic and pneumatic fluid power compo- 
nents as adjuncts to O-Rings, and alternatives to piston rings and other types of packing to realize: 

1. Reduced Seal Friction 
2. Longer Seal Service Life 
3. Reduced Space and Weight of Hardware 

5. COMMERCIAL STANDARDS AftE AVAILABLE 

There are many commercial sources for TFE and filled TFE Slipper Seals. Usually the trade names uaed 
for Slipper Seals by the manufacturer are proprietary. Many of the commercial standards in use are inter- 
changeable with respect to gland fit but vary in design detail. Some designs are proprietary and availa,ble 
from only one source. 

Most commercial Slipper Seal standa.rds are classified for size with the saxne da.sh number as is carried by 
the O-Ring for the applicable nominal rod or bore size. ~ccept for some proprietary designs the Slipper Seal 
dash number and da,sh number of the O-Ring with which it is used are the same. 

Slipper Seals are further identified as either I. D. (rod) seals or O. D. (piaton) aeals. An additional descrip- 
tion for groove width may be necessary if the design is for use with either a no back-up width, one back-up 
width or two back-up width gland in accorda.nce with one of the Revisions to MIL-P-5514. 

The current Military Specification for O-Ring glands is MIL-G-5514F. Slipper Seal designs for glands per 
this current specification are interchangeable with some Slipper Seals designed for earlier revision of this 
specification. Slipper Seals designed for MIL-P-5514 Revisions C, D and E glands are intercha.ngeable with 
each other and with some deaigns for other R,evisions. Slipper Seals designed for MIL-P-5514A and B are 
intercha.ngeable with each other and with some designs for later Revisions of the specification. The Slipper 
Seal supplier is the best source of information on the interchangeability of his products. 

As in the case of O-Rings, up to three cross-sectional sizes of Slipper Seals are availa.ble for some diam- 
eters. rn general, the dynamic O-fting sizes are recommended for the same advanta.ges offered by a la.rger 
O-Ring cross-section. Space and reduced hardware weight along with improved installation characteristics 
and reduced friction can be distinct advanta,ges in favor of reduced cross-section (static) sizes. One im- 
portant consideration is that the O-Ring is in a static environment and therefore not exposed to torsiona.l 
forcea, thus eliminating one of the advantages of la.rger cross-section. The choice between a la.rge or a 
small cross-section is la.rgely a case of judgement since environments vary widely. "Don't send a boy to do 
a man's job, " and vice versa. 	 . 
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5.1 5lipper Seals for No Back-Up Width Glands per MIL-P-5514 and MIL G 5514: These types of Slipper Seals 
provide anti-extrusion protection for the packing without using the extra groove length necessary to accom- 
modate back-up rings. Typical preferred uses inciude spool valve sleeves and swivel gla.nds as well as 
rod and piston seals for actuators. 

Four basic configurations of Slipper Seal-packing combinations are available as commercial standa rds to 
fit this size groove. 

DESCRIPTION RATING 

I 	CAP STRIP 	 _~ 

~l~ . 
I. D. and O. D. Friction Adva.nta,ge vs. O-Ring 

(a) 	May not stay in place 	No Back-Up Static . . . . . . . . . . . . GOOD 
during assembly. 	 Width Gland Dynamic . . . . . . . . . FAIR 

(b) 	May tip in groove Service Life vs. 
during use. Other Slipper Seals. .... FAIR 

(c) 	Gland dixnensions impose Leakage 
high occupancy which in- Characteristics . . . . . . . . GOOD 
creases unit loading on 
Slipper Seal and reduces Recommended for 
friction advantage of the New Design 	. . . . . . . . . . . NO 
TFE. 

n 	UARE SEAL 	 ~ 

I. D. and O. D. Friction Advantage vs. O-Ring 

(a) 	May not stay in pla,ce 	No Ba.ck-Up Static . . . . . . . . . . . . FAift 
during assembly. 	 Width Gland Dynamic . . . . . . . . . PooR 

(b) 	Will not tip in groove Service Life vs. 
during use. Other Slipper Seals ..... FAIR 

~ 	(c) 	Gla.nd dimensions impose Leakage 
high occupancy which in- Characteristics . . . . . . . . GOOD 
creases unit loading on 
Slipper Seal and reduces Recommended for 
friction advantage of the New Design 	. . . . . . . . . . . NO 
TFE. 

ni 	' 	CHANNEL SEAL ; 	~........ 	i 

l`__.~.:-~ -I~ I. D. and O. D. Friction Advantage vs. O-Ring 

(a) 	Will stay in pla.ce during No Back-Up Static . . . . . . . . . . . . FAIR assembly. Width Gland Dynamic . . . . . . . . . POOR 

(b) 	Will not tip in groove Service Life vs. 
during use. Other Slipper Sea1s ..... GOOD 

(c) 	Gland dimensions impose Leakage 
high occupancy which in- Chara.cteristics . . . . . . . . GOOD creases unit loading on 
Slipper Seal and reduces 
friction advantage of the R,ecommended for 
TFE. New Design 	. , . . , . . , , , ,yEg 
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5.1 Slipper 5eals for No Back-Up Width Glands Uer MIL-P-5514 and MIL-G-5514: (Continued~) 

DE5CRIPTION 	 RATING 

IV 	PROPRIETARY CAP STRIP 	 , 

I. D. and O. D. 	 ! Y/~~ 	 Friction Advantage vs. O-Ring 
~~ ._ ~ _>_ 

(a) Will stay in place during ~ 	No Ba.ck-Up 
assembly. 	 Width Gland 

(b) Will not tip in groove 
during use. 

(c) Thick web improves 
service life. 

(d) Reduced volumetric 
occupancy in groove 
reduces friction. 

(e) 5pecia.l ela.stomeric 
seal required. 

5.2 5lipper Seals for One Back-Up Width Glands per MIL-P-5514 and MIL-G-5514: When specifying Slipper 
Seale for a one back-up width gland the choice of basic configuratione is limited. Space is a consideration 
over the two back-up width gland. The possibility of replacement with an O-Ring and/or back-up in the field 
is a factor in preference to the no back-up width types. Retrofit requirements often dictate the use of these 
types of aeals. 

DESCRI PTI ON ftATI NG 

I CHANNEL SEAL 

~ I. D. and O. D. Friction Advantage vs. O-Ring 

(a) Used on rod and piston One Back-Up Static . . . . . . . . . . . . . . . . .. GOOD 
of linear actuators. Width Gland Dynamic . . . . . . . . . . . . . . . GOOD 

(b) Gland dimensions are Service Life va. 
favorable for limiting Other Slipper 5eals. .. EXCELLENT 
the effect of occupancy 
on friction. Leakage 

Characteristic s . . . . . . . . . . . . . GOOD 

~ Recommended for New Design..YES 
r--, 	- 	-rc, ~- 	 , 

~ ~1 ~ 	~~ ~ II PROPRIETARY SEAL ~~; 

I. D. and O. D. ~~~ 	~~ 	'~ Friction Advantage~vs. O-Ring 

(a) Primarily for rod One Back-Up Static . . . . . . 	. . . . . . . . GOOD 
applications on linear Width Gland Dynamic . . . . . . . . . .. . . . FAIR 
actuators. 

Service Life vs. 
(b) 5eals in one direction Other Slipper Seals., . EXCELLENT 

only. 
' Leakage 

Characteristics. . . . . . EXCELLENT 

Static. . . . . . . . . . FXCELLENT 
Dynamic . . . . .. .~XCELLENT 

Service Life vs. 
Other Slipper Sea1s..EXCELLENT 

Leakage 
Characteristics . . . . . . . . . . . GOOD 

Recommended for 
New Design ... 	..........YE5 
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5.2 Slipper 5eals for One Back-Up Width Glands per MIL-P-5514 and MIL-G-5514; (Continued) 

DESCRIPTION 	 RATING 

(c) Gland dimensions impose 	 Recommended for 
high occupancy which in- 	 New Design . . . .. . .. . . . .. . .. ..YES 
creases unit loading on 
Slipper Seal and reduces 
friction advantage of the 
TFE. 

(d) Seal contour improves 
leakage characteristics but 
tends to increase friction 
out of proportion with in- 
crease in fluid pressure. 

5. 3 	Slipper Seals for Two Back-Up Width Glands per MIL-P-5514 and MIL-G-5514: 	There are three basic 
Slipper Seal configurations for two backup width gla.nds. Some types are for general purpose applications 
and others are intended for special purposes. 

DESCRIPTION RATING 

I 	CHANNEL SEAL 1 

I. D. and O. D. ~ Friction Advantage vs. O-Ring 

(a) 	Web cracking and Two Back-Up Static . . . . . . . . . . . . . .GOOD 
folding shorten life. Width Gland Dynamic . . . . . . . . . . .GOOD 

(b) 	O-Ring may be Service Life vs. 
damaged adjacent Other Slipper Seals ......POOR 
to bottom of leg. 

(c) 	Gland dimensions are Leakage 
fa.vorable for limiting Chara,cteristics. . . .. . . . .GOOD 
the effect of occupancy 
on friction. Recommended for 

New Design. . . .. .. . .. . . NO 

II 	CHANNEL SEAL 

L~~_ZJ, 
I. D. and O. D. Friction Advantage vs. O-Ring 

(a) 	This seal is in wide Two Back-Up Static . . . . . . . . . . . . . GOOD 
general use for rod and Width Gland Dynamic .......... GOOD 
piston application on 
linear actuators. Service Life vs. 

Other Slipper Seals ~ EXCELLENT 
(b) 	Gland dimensions are 

favorable for limiting Leakage 
the effect of occupancy Characteristics• .... .. GOOD 
on friction. 

R.ecommended for 
New Design. . . . . . . . . . . YES 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r12

44

https://saenorm.com/api/?name=8157b914c0a58d63f93c5cbac6b598b4


-7- 

5. 3 Slipper Seals for 'I~o Back-Up Width Glands per MIL-P-5514 and MIL-G-5514: ( Continued) 

DESCRIPTION 	 ~ 	 RATING 

III 	PROPRIETARY SEAL 

I. D. and O. D. 	 # 	Friction Advantage vs. O-Ring ! 

(a) Used Primarily 	 T~vo Back-Up 	 Static .. ... .. .. . . ..GOOD 
as a rod seal 	 Width Gland 	 Dynamic. ......... FAIR, 

Service Life vs. 
Other Slipper Seals EXCELLENT 

Leaka.ge 
Characteristic s..... EXC E L LENT 

Recommended for 

(d) Seal contour improves 	 New Design . . . . . . . . . . . . . . . . YES 

leakage characteristics 	 ~ 
but tends to increase 
friction out of propor- 
tion with increase in 
fluid pressure. 

5. 4 Slipper Seals Requiring Special Glands; Some Slipper Seal design features have been used effectively, 
which preclude fitting the seal to a standard O-Ring gland. 

DESCRIPTION 	 R,ATING 

I 	CAP STRIP 

I. D. and O. D. :.. 	::~ 	': Friction Advantage vs. O-Ring 

(a) Gland less than Special Static. . . . . . . . . . . EXCELLENT 
width of no back-up Width Dynamic ... ..... EXCELLENT 
groove and depth of Gland 
groove greater than Service Life vs. 
standard to permit Other Slipper Seals.. . EXCELLENT 
narrow, thicker cap. 

Leakage 

(b) Will not tip in groove Characteristics . . ... . . .. . . . .GOOD 
during use. 

Recommended for 
(c) Easy to install. New Design . . . . .. . . . . . . . . . . . .YES 

(d) 5implicity reduces 
cost. 

(e) Genera.l purpose use. 

(b) Seals in one direction 

only. 

(c) Gland d'unensions are 
favorable for limiting 
the effect of occupancy 
on friction. 
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5.4 Slipper Seals Requiring Special Glanda: (Continued) 

DESCRIPTION 

II 	CAP STRIP 

~` ` 
I. D. and O. D. 	 _ 

RATING 

Friction Advantage vs. O-Ring 

(a) Standard gland width 
	

No Back-Up 
	 Static . . . . . . . . . . . . . GOOD 

but depth of gland 
	

Width Gland 
	

Dynamic . . . . . . . . . . GOOD 
greater than standa.rd 
to permit thicker cap. 	 Service Life vs. 

Other Slipper Seals. . . . . GOOD 
(b) Will not tip in groove 

during use. 	 Leakage 
Chara.cteristics........ GOOD 

(c) Easy to install. 
Recommended for 

(d) Simplicity reduces cost. 	 New Design .............YE5 

(e) General purpose use. 

(fl Preferred for low speed 
rotary applications. 

III 	FOOT SEAL 	 ----- 

'~ Al~.1 
I. D. 	 Friction Advantage vs. O-Ring 

(a) Special gla.nd 
required in same 
width as two back-up. 
Z~vo piece gland pre- 

ferred but can be used in a 
one piece gland in some 
aizes. 

Twvo Back-Up 	 Static . . . . . . . . . . . . . GOOD 
Width Gla.nd 
	

Dynamic. . . . . . . . . . . FAIR. 

Service Life vs. 
Other Slipper Seals , . EXCELLENT 

Leaka.ge 
Characteristics . . . . . EXCELLENT 

(b) Widely used as a rod seal. 
Recommended for 

(c) Seals in one direction only. 	 New Design. . . . . . ~. . . . . . . . . . . YES 

(d) Seal contour improves leak- 
age chara.eteristics but tenda 
to increase friction out of pro- 	 ~ 	 ~ 
portion with increase in fluid 
pressure. 

6. FACTORS INFLUENCING THE FftICTION PERFORMANCE OF SLIPPER SEALS 

6.1 Seal Materia.l and Friction: Virgin unfilled TFE has a lower coefficient of friction than any filled TFE. 
A choice of TFE Slipper Seal material with respect to friction is of minor importance except in the most 
friction-sensitive applications, in those cases testing is recommended. 

6.2 R,od and Bore Materials and Friction; Within the range of an 8 to 16 RMS finish and a lubricated surface, 
if steel friction factor is 100, then chrome pla.te friction factor will be 60 and hard anodized aluminum fric- 
tion will be 120 between surfaces having relative motion. 
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6. 3 Rod a.nd Bore Finishes and Friction; Transfer of a minute layer of TFE from the Slipper Seal to the metal 
surface reduces friction. A finish of 8 to 64 RMS is optimum to take advantage of this phenomenon. A 
finish of 20 to 64 may cause leakage. 

6. 4 Lubrication and Friction: Lubrication significantly reduces Slipper Seal friction. Some leakage is desir- 
able to realize lower friction. 

6.5 Radial Squeeze and Fluid Presaure and Friction: Radial squeeze of the O-Ring increases the unit loading. 
This is in addition to the unit loading caused by fluid pressure. The higher the unit loading the higher the 
friction. Changes in radial squeeze will have the most significant effect at low fluid pressures. 

6. 6 Diametral Clearances and Friction; ~ctrusion of the Slipper Seal into a diametral clearance can increase 
friction dra.matically due to high unit loading locally in the vicinity of the extrusion. 

6. 7 Temperature and Friction; The coefficient of friction of TFE is not affected by temperature change. How- 
ever, the loading of the seal against the sealed aurface may cha.nge due to temperature because of a differ- 
entia.l linear expansion and contraction of the metal and seal components. This influence on seal friction 
is small and may be ignored. 

Altbough friction is not affected significantly by differential linear expansion with temperature, volumetric 
changes of the seal in the groove is a.nother atory. An O-Ring/Slipper Seal combination with satisfactory 
friction characteristics at room temperature may have very high friction at higher temperatures if ade- 
quate room for e~ansion in the groove is not provided. 

6. 8 5ea1 Cross-Section and Diameter and Friction: The total seal friction is a function of the area acted on by 
the unit loading due to squeeze and fluid preasure. For a given seal diameter, a lower friction will be 
realized by selecting the smallest seal cross-section availa.ble. 

7. FACTORS INFLUENCING THE LEAKAGE PERFORMANCE OF SLIPPER SEALS 

7.1 Dama~e and Leakage: The most frequent cauae of poor leakage performance is Slipper Seal da.mage, 
usually from unskilled installation procedures and handling. Installation tools and procedures to prevent 
seal damage are described in paragraph 9. 

Axial nicks and scratches will cauae leakage. Usually they can be removed succeasfully by circumferential 
sanding and/or application of high fluid pressure to the seal assembly while installed. Cycling under pres- 
sure will wear-in the seal and 'unprove leakage performance. 

7.2 Workxnanship, Material Defects and Leaka~e: Slipper Seals should have a 32 RMS maximum finish on the 
sealing surface and a 64 RMS maximum on the surface next to the O-Ring. Minor radia.l grooves are ac- 
ceptable on all surfaces. Cra.cks and incluaions may cause leakage. Slipper Seals often are stretched and 
folded during installation. Tensile and elongation properties should equal or exceed the manufacturer's 
specification or other applicable physical property control. Refer to S~ecification MIL-R-8791C for 
guidance. 

7. 3 Radial Squeeze and Leaka~e: Increased radial aqueeze will reduce low pressure leakage. 

7.4 Diametra.l ruterference and Leakage: All Slipper Seals ahould have positive diaxnetral interference for 
good leakage control. 

7.5 Circumferential Groovea and Leaka~e: Circumferential grooves on the sealing surface of a Slipper Seal 
will improve low pressure and low viscosity leakage. 

7. 6 Material and Leakage: Unfilled TFE will give better new seal leakage performance tha.n a filled TFE be- 
cause of its greater deformation under load. Filled TFE materia.ls may be lesa responsive to wear-in 
cycling. 
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7. 7 Side-Wall Notches and Leakage: Slipper Seals depend upon pressure response to seal effectively. All 
O. D. Slipper Seals exposed to sudden reversal of pressure should have side-wall notches to ensure rapid 
pressure response if other means to adxnit fluid pressure into the groove are not provided. Additiona.11y, 
there should be adequate side clearance between the walls of the groove and the radial side of the Slipper 
Seal. Massive leakage (blow-by) across the top of a Slipper Seal will be avbided if these features are in- 
cluded in the design. R,eference Proposed AIR No. 1243 "Anti-Blow-By Design Practice For Slipper Seals. 

Rod seals are not susceptible to blow-by if adequate side-wall cleara.nce is provided. 

7. 8 Len~th of Stroke and Leaka~e: Long stroke actuators are more vulnerable to rod leakage than short stroke 
actuators. Most of the leaka.ge  occurs at low pressure during extension. This leakage can be reduced by 
using a relatively high radial squeeze rod seal. 

7.9 Surface Finish of Hardware and Leakage: A surface finish less than 8 RMS may result in excessive leakage 
due to the limiting effect of the smooth surface on seal wear-in. Finishes greater than 20 RMS may cause 
leakage. 

7.10 Temperature and Leakage: The ra.tio of the linear coefficient of thermal expansion of TFE to aluminum and 
steel is 7 and 10 respectively. At low temperature piston seals will try to shrink away from the cylinder 
wall but will be restrained by the supporting O-Ring. Leakage may occur in proportion to fluid pressure 
differential depending upon the tempera.ture and the low tempera.ture properties of both the O-Ring ela.s- 
tomer and the fluid. Increased O-Ring squeeze improves low tempera.ture leakage. 

Rod seals shrink onto the rod and maintain contact, minimizing low temperature rod seal leakage. How- 
ever, the O-Ring used to load the Slipper Seal must have adequate low temperature properties. 

High temperature fluid degradation deposits (gum) may coat surfaces over which the Slipper Seal must ride. 
This happens, for example, with kerosene fuel at 315 F to 350 F. Scrapers are recommended to clean the 
surface to ensure proper aealing. 

FACTORS INFLUENCING THE SERVICE LIFE OF SLIPPER SEALS 

Service life is usually measured in terms of leakage. When a new seal is properly installed, it can be as- 
sumed to have satisfactory leakage performance; after it is in use the leakage performance tends to improve 
during a break-in period and then gradua.11y deteriorates due to wear and extrusion. 

8. 1 Materi~.l and Service Life: Filled TFE has more wear and extrusion resistance than unfilled TFE. Some 
proprieta.ry unfilled TFE Slipper Seal compounds are availa.ble with wear resistance equal to some filled 
TFE a.nd the deformation properties close to an unfilled TFE for better sealing. The performance of pro- 
prietary materials may vary. Claims should be verified before specifying their use. The prunary advan- 
tage of filled TFE can be realized at elevated temperatures (over 275 F) and pressure (over 3000 psi). The 
most commonly used fillers are: 

(a) 15% Glass Fibre 

(b) 10% and 15%o Graphite 
(c) 40% and 60% Bronze Powder 

8. 2 Surface Finish of Hardware and Service Life: Finish of the metal surface should not exceed 16 RMS for 
good seal life. 

8. 3 Temperature and Service Life: Both the TFE and elastomer materials suffer reduced physical properties 
at elevated tempera.ture. 

TFE Slipper Seals are more resista.nt to the effects of temperature than rubber O-Rings. Although TFE 
will soften with increased temperature, up to 550 F, there is no permanent heat da.mage. O-Ri.ngs, how- 
ever, harden and crack at these temperatures depending upon length of exposure. 
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